Introduction
Pleural effusion is a common finding amongst hospitalized patients and indicates the presence of disease which may be pulmonary, pleural or extrapulmonary. The differential diagnosis of pleural effusion is wide but a systematic approach allows a definitive aetiology to be identified in at least 75% of patients. ' The last few years have seen an escalation in the development of new diagnostic tests and in this article we review these advances.
Biochemistry
The initial step in analysing pleural fluid is to ascertain whether the effusion is a transudate or exudate. Transudative pleural effusion is caused by a limited number of diseases, namely cardiac failure, hypoalbuminaemia, secondary to atelectasis and urinothorax. The differential diagnosis of exudative effusions includes infections, tumours, noninfectious inflammatory conditions and other diseases. In 1972, Light's criteria were published2 by which an exudate is defined as fulfilling one or more of the following: (1) pleural fluid/serum protein ratio of more than 0.5; (2) pleural fluid lactate dehydrogenase (LDH) of greater than twothirds the upper normal limit for blood LDH levels; and (3) pleural fluid/serum ratio of lactate dehydrogenase of greater than 0.6.
Roth et al. 3 found that despite the high sensitivity of Light's criteria (100%), these criteria had a low specificity (72%). This was due to the fact that many patients with effusion due to chronic cardiac failure have protein values in the exudate range, especially if chronic diuretic therapy has been employed./6 The author found that the serumeffusion albumin gradient (serum albumin minus pleural fluid albumin) was a sensitive (95%) and more specific (100%) marker ofexudative effusions.
A gradient of less than 1.2 g/dl indicates the presence of an exudative effusion and greater than 1.2 g/dl, a transudative effusion.
Hamm et al.7 measured cholesterol levels in pleural fluid in 62 patients with pleural effusion of known aetiology. They found that using a value of 60 mg/dl as a cut-off (>60 mg/dl indicates an exudate, <60 mg/dl a transudate), this test was 100% sensitive and 95% specific (versus 100% and 70% for Light's criteria). All transudative effusions had cholesterol values below 60 mg/dl (mean 30 ± 12 mg/dl) and all malignant effusions had cholesterol values greater than 60 mg/dl (mean 94 ± 25 mg/dl), therefore this test could definitely separate these two categories of effusions. Patients with inflammatory exudates had cholesterol values between these two groups (mean 76 mg/dl). Measurement of pleural fluid/serum cholesterol ratio did not add to the diagnostic value of pleural fluid cholesterol measurement alone. The value of cholesterol in differentiating between exudate and transudate has subsequently been confirmed by an additional study. 8 The value of pH, glucose and lactate dehydrogenase measurement has long been established. 9 Low values for pH, glucose and elevated LDH are found in empyema, malignancy, tuberculosis, rheumatoid arthritis and systemic lupus erythematosus and oesophageal rupture.'0'1 Measurement of pH and glucose is of special importance in cases ofparapneumonic effusions where these tests allow differentiation between complicated parapneumonic effusion (pH <7.0, glucose <40 mg/dl) which requires intercostal drainage for resolution and non-complicated effusion which resolves without drainage. ' for tuberculous effusions if empyema is excluded." Gamma interferon, secreted by activated T-lymphocytes is markedly increased in tuberculous effusions in comparison with effusions due to other causes24 (91.2 U/ml vs 2 U/ml). Soluble interleukin 2 receptor levels have also been found to be higher in tuberculous effusions as compared to malignant and transudative effusions. 25 In contrast, levels of interleukin 1 do not clearly differentiate malignant from tuberculous effusions. 26 The value of measurement of antinuclear antibodies in the diagnosis of pleural effusions in systemic lupus erythematosis2' and of rheumatoid factor in rheumatoid arthritis28 are well established.
Malignant markers
Increased levels of carcinoembryonic antigen (CEA) (> 12 ng/ml) are a specific but insensitive (34%) marker of malignant effusions.29 Raised pleural fluid CEA is more specific and sensitive than are blood levels and there is no correlation between these two values. Measurement of pleural fluid CEA in addition to cytological examination increases the sensitivity for diagnosis of malignancy to 54% as compared to 40% for cytological examination alone.29 Measurement of CEA is of particular value in the diagnosis of adenocarcinoma. A pleural fluid CEA level above 20 ng/ml is 91 % sensitive and 92% specific for adenocarcinoma. 30 The finding of increased CEA is of particular value when cytology reveals malignant cells but these cannot be differentiated between carcinomatous and mesothelioma cells. Elevated CEA levels in pleural fluid, or positive staining by immunocytology or immunohistology is strongly against a diagnosis of mesothelioma, but does not definitely exclude this diagnosis.3' Levels of hyaluronic acid in pleural fluid are elevated (> 100 mg/l) in 73% of patients with malignant mesothelioma, but in no patients with other forms of malignancy.32 Neurone-specific enolase, an enzyme found in nerve and neuroendocrine tissues, is elevated (> 26 ng/ml) in 75% of cytology positive effusions due to small cell carcinoma. 33 Many other markers have been examined to assess their value in the diagnosis of malignant effusions. Alpha fetoprotein, beta 2 microglobulin,34 ferritin, acid-soluble glycoprotein, tissue polypeptide antigen and immunosuppressive acid protein35 have not been found to be of value in the diagnosis of malignant effusions. Carbohydrate antigen 19-9 has been found to be higher in malignant effusion as compared to tuberculous effusions. 36 Recently, monoclonal antibodies have been used to differentiate between malignant mesothelioma and adenocarcinomatous cells. The commonest cause of malignant pleural effusion is primary adenocarcinoma of the lung, followed by breast, ovary and pancreas. In young patients, lympho-reticular malignancies are the commonest cause of malignant effusion." In the presence of malignant effusion, cytology alone is diagnostic in 33-72% of cases. 45 Automated flow cytometry allows rapid analysis of the DNA content of a large number of cells (up to 30,000 cells). Aneuploidy (abnormal DNA content) is considered as a marker of malignancy and flow cytometry of pleural fluid has been used to increase the yield of cytology alone in diagnosing malignancy in pleural effusions.' The value of immunocytology and immunohistology has been discussed previously.
Immunocytochemistry is frequently used to identify lymphocyte surface markers and thereby differentiate between malignant and reactive lymphocytes, primarily by demonstrating monoclonality.47 '48 Computerized interactive morphometry can also differentiate effectively between malignant and reactive lymphocytes.49 This technique uses a computer and video recorder and analyses the size and regularity of the nuclei of cells in a centrifuged, papanicolou-stained preparation. The cells are categorized by the computer as benign or malignant according to these parameters. This technique has also been used to differentiate between malignant and benign reactive mesothelial cells.50
Imaging
Standard antero-posterior and lateral chest X-ray films can detect the presence of pleural fluid in excess of 175 ml.5" Lateral decubitus films may detect pleural fluid not seen on routine films.52
The role of sonography, computed tomography (CT) and magnetic resonance imaging of pleural diseases has recently been reviewed.53 Ultrasound allows identification of loculated pleural fluid. The presence of septae or loculations on sonography usually indicates that the effusion is an exudate (specificity 74%).55 Ultrasound allows differentiation between lung abcess and loculated effusion in 90% of cases. 56 The major role of sonography is as a guide to thoracentesis when previous unguided thoracentesis has been unsuccessful. It has a success rate of 97% with a 2-7% incidence of pneumothorax. 57 Computerized tomography is of value in differentiating between benign and malignant involvement of the pleura. The presence of one or more of the following criteria was found to indicate malignancy with a sensitivity of 72% and a specificity of 83%: circumferential pleural thickening, nodular pleural thickening, parietal pleural thickening of greater than 1 cm or mediastinal pleural involvement.6' In the presence of a known pulmonary malignancy, pleural and chest wall involvement can accurately be ascertained using CT scanning. 53 Asbestos-related pleural disease can best be assessed using CT. It is superior to the standard chest X-ray in identifying discrete pleural plaques (95% vs 59%)62 and is also of value in guiding biopsy, ascertaining the extent of malignant mesothelioma and identifying coexistent pulmonary parenchymal disease.63 High-resolution CT is more sensitive than regular CT in identifying the presence of asbestos-related pleural and pulmonary parenchymal disease. 64 The CT features ofmalignant mesothelioma and the value and limitations of this modality in the follow-up of this disease have also been reviewed.65 '66 The value of magnetic resonance (MR) imaging in pleural and pulmonary parenchymal disease is limited, primarily due to motion artifact caused by cardiac and respiratory activity. MR is, however, the imaging modality of choice in evaluating superior sulcus carcinomas. 53 88 The finding of pleural effusions in an asymptomatic patient does not significantly change the differential diagnosis; the commonest causes are the same as for symptomatic effusions, namely tumour, parapneumonia, cardiac failure and postsurgery. Asbestos-related effusions and pleural effusions post-delivery tend to be asymptomatic.89
Conclusion
In a patient presenting with pleural effusion, unless the cause of the effusion is readily apparent, the initial diagnostic step is thoracentesis. The pleural fluid should routinely be analysed for protein, albumin, LDH, glucose and cholesterol. A simultaneous blood level for protein, albumin, LDH and glucose should be obtained. If empyema or malignancy is suspected, pH measurement should also be performed. Pleural fluid amylase should be measured if malignancy, pancreatitis or oesophageal rupture are considered. Immune and malignant markers should be sent if autoimmune or malignant disease is suspected. If tuberculosis is suspected, pleural fluid adenosine deaminase or lysozyme (and preferably both) should be measured. Pleural fluid samples should be sent for Gram's stain, KOH and Ziehl-Neelsen staining and for bacterial, fungal and mycobacterial culture if an infective process is considered.
A full cell count and differential count as well as cytological examination should always be performed. Flow cytometry, computerized morphometry and examination of lymphocyte surface markers is carried out if necessary.
If initial thoracentesis is not diagnostic and the fluid is an exudate, repeat thoracentesis with closed pleural biopsy should be performed. The biopsy specimen is sent for histopathology and culture for tuberculosis. If the diagnosis is still not apparent, closed pleural biopsy can be repeated or rigid thoracoscopy with guided biopsies can be performed. If at this stage a diagnosis is still not apparent, the decision to perform open thoracotomy or to simply follow the patient is made on an individual case by case basis.
